Radiative one-loop corrections to fermion pair production in e + e − annihilation are calculated in the Minimal Supersymmetric Standard Model (MSSM). The size of the non-standard corrections is discussed for the process e + e − → µ + µ − and e + e − → hadrons at LEP2 energies and for e + e − → tt at a high energy e + e − collider. The relative difference between the predictions of the MSSM and the Standard Model is typically below 10%. *
Introduction
In the light of electroweak precision experiments the Standard Model (SM) performance is almost perfect [1] . From a more theoretical point of view, however, supersymmetric versions of the SM seem more appropriate to overcome some of the conceptual problems of the SM, like the hierarchy problem or the non-occurrence of gauge coupling unification at high energies.
Tests of supersymmetric extensions of the SM hence are a central theme at present and future colliders. Supersymmetry (SUSY) [2] as an additional supporting symmetry is realized in its minimal version in terms of the Minimal Supersymmetric Standard Model (MSSM) [3, 4, 5] . Besides the possibility of direct production of SUSY particles at sufficiently high energies, the process of standard fermion pair production in e + e − annihilation offers the indirect search for virtual SUSY particles through quantum effects in terms of loop corrections.
In previous studies, complete 1-loop calculations have been performed for electroweak precision observables at the Z resonance and for the M W -M Z mass interdependence [6] , with recent improvements by the 2-loop SUSY-QCD corrections to the ρ-parameter [7] . Investigation of e + e − → ff above the Z resonance, at LEP2 or a future linear collider, requires the extension of the previous calculations to the continuum region, which is the content of this paper. As a process of special interest, tt production is considered which will become experimentally accessible with high accuracy at a possible future e + e − collider.
In this paper we present a complete MSSM 1-loop calculation of the electroweak corrections and the non-standard part of the QCD corrections (SUSY-QCD corrections) to e + e − → ff with f = µ, τ, q and discuss the size of the possible virtual effects. Approximate results based on the SUSY 1-loop terms of O(α m 2 t /M 2 W ) have already been considered in [8] , and SUSY-QCD corrections in [9] . For the decay of the top quark t → b W + , the MSSM 1-loop corrections are also available [10] . This paper is organized as follows: Section 2 defines conventions and notations and gives the structure of the helicity amplitudes in terms of basic matrix elements, including the higher order terms. The results are discussed in Section 3 for the light fermion case and, with special emphasis, for top pair production. The appendix collects all the analytic expressions, required at the 1-loop level, in order to make the paper complete and self-contained. 2 The process e + e − → ff
Cross section and helicity amplitudes
First we give the notations for the process e + e − → ff (f = µ, τ, q). The momenta and helicities of the incoming electron and positron are denoted by p, κ andp,κ, respectively. Correspondingly, k, η andk,η are used for the outgoing fermion f and its antiparticlef . The signs '+' and '−' of the variables κ,κ and η,η refer to helicities + 
The mass of the electron is neglected whenever possible. Since the helicity amplitudes for e + e − → ff (f = µ, τ, q) vanish forκ = κ in the limit m e → 0, we can write for the non-vanishing amplitudes M(κ,κ = −κ, η,η; s, t) = M(κ, η,η; s, t) . The scattering angle θ between e − and f in the center-of-mass system is related to t, u via t = m The cross section for unpolarized e ± in the initial state is given by dσ dΩ (s, t) = 1 4 dσ dΩ (+; s, t) + dσ dΩ (−; s, t) . (2.6)
Besides the integrated unpolarized cross section
it is of interest to consider the forward-backward asymmetry 8) and the left-right asymmetry for polarized beams
For practical calculations at the 1-loop level, it is convenient to decompose the helicity amplitude M into a set of basic matrix elements M κλ i and corresponding invariant functions L κλ i according to M(κ, η,η; s, t) = The chirality projectors ω ± are defined by
In the Born approximation only the two diagrams of Fig. 2 .1 are relevant since the electronHiggs coupling is negligible. Therefore only (2.11a) contributes to the lowest-order amplitude
14)
Q e (Q f ) denotes the charge of the electron (fermion) and the couplings g κ e and g λ f can be found in the last line of Table 2.1.
Denoting the 1-loop contribution to the helicity amplitude by the differential cross section including O(α) corrections is given by
Since the invariant functions L κλ i are independent of the polarizations of the final-state fermions, the summation over these polarizations can be carried out directly for the products of the basic matrix elements:
One-loop corrections
The 1-loop contribution M (1) (2.15) to the helicity amplitude contains the γ and Z self-energies, the γ and Z vertex corrections together with the external wave function renormalization, and the box diagrams:
The complete set of vertex corrections comprises the QED corrections with virtual photons and the QCD corrections with virtual gluons for quark final states. They need real photon and gluon bremsstrahlung for a infrared finite result. The gauge invariant subclasses of "standard QED" and "standard QCD" corrections are identical to those in the Standard Model and are available in the literature [11, 12] . We therefore concentrate our discussion on the residual set of model dependent and IR-finite virtual corrections, which correspond to (2.18) without the diagrams involving virtual photons and gluons.
The supersymmetric part of the QCD corrections, arising from virtual gluinos, is included in (2.18) as part of the final state vertex correction M f V .
The concrete calculations are performed in the 't Hooft-Feynman gauge. Since the lowest order amplitudes contain only standard particles, we can apply the on-shell renormalization scheme for the Standard Model [13] also for the MSSM case at 1-loop. The formal relations between 1-loop vertex functions and counter terms can be literally taken from the Standard Model; their explicit evaluation, however, requires the inclusion of the supersymmetric particles and the replacement of the standard Higgs contributions by those of the MSSM two Higgs doublets.
Vector boson propagator corrections
The self-energy corrections to e + e − → ff.
The 1-loop propagator correction appears in the sum (2.18) as the term ( Fig. 2. 2)
with M κλ 1 from (2.11a), M γ = 0, and the renormalized self-energiesΣ ab (s) of the neutral vector bosons:Σ
In the on-shell scheme one has 21) and the couplings in (2.19) and Fig. 2 .2 are listed in Table 2 .1 with the following abbreviations:
The quantities Σ ab (q 2 ) (a, b = γ, Z, W ) denote the unrenormalized self-energies as the transverse coefficients in the expansion
They are explicitly given in Appendix B.1. The q µ q ν -terms yield only contributions ∝ m 2 e in the on-shell amplitudes and hence vanish in the limit m e → 0.
Since the energy domain above the Z resonance is under consideration in this paper, the subtleties of the higher order contributions to (2.19) , which are important for Z physics (see, e.g., Ref. [14] ), can be omitted in view of the experimental accuracy. Therefore we can restrict ourselves to the simplified O(α) treatment according to (2.19 ), but we include the leading log resummation of the terms involving the light fermions. 
The electron vertex correction. The coefficients A λ and B λ are given by the following combinations (a = γ, Z)
The quantities in the brackets are listed in Appendix C. They are obtained as the form factors resulting from the various vertex classes I, . . . , VI, summed over all individual contributions inside each class.
The counterterms for F = e, f (f = µ, τ, q) read
In the case of the Z-fermion vertex the counterterms are given by 28) with the fermion field renormalization constants
The fermion self-energies Σ F S,V,A are listed explicitly in Appendix B.2.
The box diagrams
For the process e + e − → ff (f = µ, τ, q) there are two different topologies of box diagrams, which we denote as 'direct' (Fig. D.1 ) and 'crossed' (Fig. D. 2) box diagrams. The corresponding contribution to the 1-loop matrix element are labeled by D and C, accordingly.
Since Higgs boson exchanges are negligible, we only have to consider the standard box graphs with Z and W ± exchange and the SUSY box graphs with neutralino and chargino exchange. As far as the charged current box diagrams are considered, for I 3 = −1/2 only the direct box diagrams with W ± and chargino exchange contribute, and for I 3 = +1/2 only the crossed box diagrams with W ± and chargino exchange.
The box contribution to the helicity amplitude (2.18) thus can be decomposed as follows:
The summation has to be understood as extended over all neutralino and chargino configurations, and the correspondingẽ 1,2 ,ν e andf 1,2 states.
We use the following shorthand notations for combinations of 4-point tensor integral coefficients D kl and the scalar integrals C 0 and D 0 :
direct box crossed box ,
Further specifications are given in Appendix D.
With these abbreviations and with the matrix elements (2.11), the result for a direct vector boson box diagram is given by
and for a crossed vector boson box diagram by The expression for a direct SUSY box diagram reads
For a crossed SUSY box diagram we have The following abbreviations for products of the couplings g κ 1,2,3,4 specified in Appendix D have been used in the expressions (2.32) -(2.35):
(2.36)
Numerical analysis and discussion
In this section we discuss the numerical effects of the weak and of the SUSY-QCD corrections in the reaction e + e − → ff (f = µ, τ, q).
For cross-checking our results 1 , numerical comparisons have been performed with the already available subset of the SM and 2-Higgs doublet contributions [16] and with the MSSM gauge boson self-energies as given in [17] by utilizing the computer codes of Ref. [16, 17] . The comparisons show perfect agreement in all cases.
In order to exhibit the deviations from the SM induced by supersymmetry, we introduce the quantity
for the unpolarized cross section, and the differences
for the forward-backward and left-right asymmetries. σ (0) (s) is the total cross section in the Born approximation corresponding to Eqs. (2.13) and (2.14).
For the numerical analysis, we used the MSSM parameters as specified in Appendix A; they are chosen to be consistent with the experimental constraints [1, 18] . We further used the top quark mass of m t = 175 GeV in the whole paper. Note that without the SUSY-GUT relation (A.10) for M 3 , the gluino mass mg ≡ |M 3 | is another input parameter. In the case of mixed sfermions (see Appendix A) we chose for further simplicity
We split the discussion into two parts: the light fermion case, which is experimentally accessible at LEP, and the case of tt production.
Results for
In the absence of direct discoveries of SUSY particles at LEP, the question for indirect effects in the standard cross sections, resulting from virtual SUSY contributions, is of special interest.
In view of the claimed accuracy in the cross section measurement of 1.3% for µ + µ − and 0.7% for hadron final states [19] , it is of basic importance to study the size of the MSSM 1-loop contributions obtained from varying the model parameters in a wide range consistent with experimental and theoretical constraints. Since for heavy non-standard particles one recovers the Standard Model with a light Higgs boson (m h 0 < ∼ 130 GeV), the largest deviations will occur for light SUSY particles close to their detection limits.
In Fig. 3 .1 we display the range for the quantity ∆, Eq. (3.1), from scanning the SUSY parameters, varying mt 1 between 100 and 500 GeV, µ between −500 and 500 GeV (with the region −100 GeV < µ < 100 GeV excluded) in steps of 50 GeV, and M 2 between 200 and 1000 GeV in steps of 10 GeV in a low tan β scenario 2 (tan β = 1.6). The deviations from the SM are always negative, and ∆ can reach the maximum of −1.7% at M 2 = 1000 GeV which is close to the experimental precision. There is (almost) no difference between the choice of a fixed A = mt 1 (which is not depicted here) and for −400 GeV ≤ A ≤ 400 GeV. The large negative values are due to the light sfermion masses which can occur for our set of parameters.
In the large tan β scenario (tan β = 40) the predicted range for the same parameter variations is smaller than in Fig. 3 .1 (−1% < ∼ ∆ < ∼ 0%). This is essentially due to the fact that for large tan β the lightest allowed sfermion masses are in general larger than in the low tan β case. Since the largest values of ∆ occur for the lightest possible sfermion masses this leads to the smaller result. 
with SUSY box diagrams without SUSY box diagrams GeV, 100 GeV ≤ mt 1 ≤ 500 GeV, −400 GeV ≤ A ≤ 400 GeV and −500 GeV ≤ µ ≤ 500 GeV (but −100 GeV < µ < 100 GeV is excluded). The predicted range is between the two upper and the two lower lines.
Results for e
+ e − → q =t qq
At LEP energies, the hadron production process from primary quarks = t is experimentally accessible, with a large cross section and a final accuracy of 0.7% [19] .
In Fig. 3 .2 we display the results for ∆ from SUSY parameter scans, in which we vary mt 1 between 100 and 500 GeV, µ between −500 and 500 GeV (but −100 GeV < µ < 100 GeV is excluded) in steps of 50 GeV, and M 2 between 200 and 1000 GeV, in steps of 10 GeV in the low tan β scenario.
The deviations from the SM are always negative and ∆ can reach up to −3.7%. The difference to the lepton case ( Fig. 3.1) is essentially caused by the presence of the extra gluino exchange in the SUSY-QCD corrections. There is (almost) no difference between the choice of a fixed A = mt 1 (which is not depicted here) or for −400 GeV ≤ A ≤ 400 GeV.
In the large tan β scenario the predicted range for the same parameter variations is smaller than in Fig. 3 .2 (−1.8% < ∼ ∆ < ∼ 0%), for the same reasons as in Section 3.1. ≤ 500 GeV, −400 GeV ≤ A ≤ 400 GeV and −500 GeV ≤ µ ≤ 500 GeV (but −100 GeV < µ < 100 GeV is excluded). The predicted range is between the two upper and the two lower lines.
+ e − → tt
The production of tt-pairs is a process of basic interest at a future high energy e + e − collider and will provide precision studies of the top quark properties (see, e.g., Ref. [20] ). From the large top quark mass one expects a special sensitivity to the structure of the Yukawa couplings.
1-loop electroweak corrections for tt production have been calculated in the SM both for the threshold region [21] and the continuum [11, 22] . Also for Two-Higgs-Doublet Models (2HDM) the electroweak radiative corrections are available [16, 23] . When the SUSY constraints on the 2HDM Higgs sector are imposed, the potentially large Higgs-induced corrections are kept typically below ∼ 2% [16] .
Within the MSSM the SUSY-QCD corrections to tt production have been calculated in [9] , and the subclass of electroweak 1-loop contributions ∝ m 2 t /M 2 W resulting from the top Yukawa couplings has been discussed in [8] . Our results are in qualitative agreement with Ref. [8] . Quantitatively they differ by a few percent, which, however, is not surprising in view of the approximations in Ref. [8] . It is also known from the standard model case that the restriction to the terms ∝ m 2 t /M 2 W only yields a poor approximation of the complete result. Our discussion in this section is complete at the 1-loop level, including also the SUSY-QCD corrections.
In order to give an idea of the absolute size of the total cross section, we plot σ (0) (s) and at the 1-loop level σ SM (s) and σ MSSM (s) in The energy dependence of ∆ is illustrated in Fig. 3 .5 for low and high tan β with and without sfermion mixing for a fixed set of SUSY parameters. With increasing s, the values of ∆ become negative in all cases.
The dependence of ∆ on the common squark mass parameter M S , Eq. (A.2), is shown in Fig.  3 .6 at √ s = 500 GeV. For large M S , ∆ is very small in accordance with the decoupling properties of heavy sfermions [24] . The steep behavior of the dotted curve for tan β = 40 at low M S is related to low chargino and sbottom masses, close to their present exclusion limits. It enters through the top wave function renormalization with a threshold singularity at m t = mχ+
Releasing the GUT constraint (A.10) for the gluino mass and treating mg as an independent parameter leads to a variation of the results in Fig. 3 .6 within ±1%. The asymmetries A LR , A F B (which are not depicted here) are not very sensitive to the SUSY contributions 3 : their variations are in the ranges −9 × 10 −3 < δA LR < 2 × 10 −3 and −7 × 10 −3 < δA F B < 1 × 10 −3 for the same parameters as in Fig. 3 .6. in the top wave function renormalization. For the parameters of Fig. 3 .7 the contributions to the asymmetries cover the ranges −9 × 10 −3 < δA LR < 5 × 10 −3 and −6 × 10 −3 < δA F B < 1 × 10 −3 .
The dependence of ∆ on the gluino mass mg is shown in Fig. 3 .8. Now mg is treated as an independent parameter. For the purpose of illustration we also keep the range of small gluino masses below ∼ 150 GeV. As it can be seen outside the singularity 4 the mg-dependence is smooth 3 ALR and AF B are of the order O(5 × 10 −1 ) 4 The singularity in Fig. 3 .8 corresponds to the case mt = mg + mt 1 . For a more detailed discussion of the weak corrections, the dependence of ∆ on the lighter chargino mass mχ+ 1 is shown in Fig. 3.9 . Again the singularities correspond to thresholds in the top wave function renormalization. Given the experimental restrictions on mχ+ 1 and mt
1
, the values of ∆ are typically within a few percent.
The result of a SUSY parameter scan for low tan β is presented in Fig. 3 .10, where A = mt 1 is varied between 100 and 500 GeV, µ between −500 and 500 GeV (but −100 GeV < µ < 100 GeV is excluded) in steps of 50 GeV, and M 2 between 200 and 1000 GeV in steps of 10 GeV. The influence of the box diagrams is shown separately (solid line). The dip around M 2 = 331 GeV (solid and dashed line) is a threshold singularity at m t = mχ+ (∆ ∼ −7%) and production threshold effects at mχ0
In the large tan β scenario (Fig. 3.11 ) with the same parameters as in Fig. 3 .10 we find a smaller negative boundary and a larger positive boundary (−5% < ∼ ∆ < ∼ 7%) than in Fig. 3 .10. Here again these values are a nearby singularity effect at m t = mχ+ = A ≤ 500 GeV and −500 GeV ≤ µ ≤ 500 GeV (but −100 GeV < µ < 100 GeV is excluded). The predicted range is between the two upper and the two lower lines. = A ≤ 500 GeV and −500 GeV ≤ µ ≤ 500 GeV (but −100 GeV < µ < 100 GeV is excluded). The predicted range is between the two upper and the two lower lines.
Summary
In this paper we have calculated the electroweak and SUSY-QCD 1-loop corrections to the process e + e − → ff (f = µ, τ, q) in the MSSM.
Quantitative numerical studies of the size of the virtual SUSY effects have been performed for lepton pair and light quark pair production for LEP energies, and for top quark pair production at 500 GeV. Thereby, the parameters of the MSSM have been varied over a wide range in order to get an overall impression of the size of virtual SUSY effects.
For the light fermions, the virtual SUSY contributions in the cross sections amount to a few percent in the LEP region; they could be detectable for close-by SUSY states.
In the cross section for top production they can be larger, but typically stay below 10% (with exception of the peaks at some thresholds). In general, the effects of box diagrams are sizeable, mainly the SM box graphs. For the top case, also the SUSY box diagrams yield significant contributions.
For the forward-backward and left-right asymmetries no significant deviations between the MSSM and the SM occur.
A Masses and mixing states of the MSSM A.1 The Higgs sector
The neutral Higgs sector is conventionally fixed by choosing a value for tan β := 
M S is a soft SUSY breaking parameter defined in Eq. (A.2) and g 1 , g 2 denotes the U (1), SU (2) gauge coupling, respectively.
A.2 Sfermions
For the simplest case we assume equal soft SUSY breaking parameters for all sfermions (motivated by minimal SUGRA) 5 :
Then, the sfermion mass matrix is given by
where {cot β; tan β} refer to the corresponding {u; d}-type fermions.
In the case of mixed sfermions the left-and right-handed sfermions must be replaced by mass eigenstates of the sfermion mass matrix (A.3) [5] :
whereθ f denotes the mixing angle. 5 Since we ignore mixing between sfermions of different generations, the (3
, AU, AD and AL are diagonal. Furthermore we chose all soft breaking parameters to be real.
A.3 Charginos
The chargino mass eigenstates are obtained by diagonalizing the chargino mass matrix [3, 4] 
containing the SU (2) gaugino mass parameter M 2 with the help of two unitary (2 × 2) matrices U and V:
The squared entries in the diagonalized chargino mass matrix are obeying
A.4 Neutralinos
The four neutralino mass eigenstates are obtained from diagonalizing the (4× 4) neutralino mass matrix [3, 4] 
with the help of a unitary matrix N:
The matrix Y contains the U (1) gaugino mass parameter M 1 as a further input quantity. As conventionally done, we assume the SUSY-GUT constraints, with the gluino mass mg ≡ |M 3 |
if not stated differently.
Note that for our calculation, the matrices U, V and N have been chosen to be real.
B Self-energies
This appendix contains the analytical expressions for the 1-loop self-energies of vector bosons and fermions. We make use of the following notations: The isospin partner of f (f ) is denoted by f ′ (f ′ ). Fermions with I 3 = ±1/2 are denoted f ± , and sfermions byf ± , analogously. The abbreviation 2HD denotes the SM sector plus the Two Higgs Doublet sector of the MSSM.
The Feynman rules of the MSSM are given in Refs. [3, 4, 5] . Note that the covariant derivative given there is not compatible with the one used in this paper:
So we had to change the Feynman rules by substituting sin θ w (defined in Eq. (2.21)) with − sin θ w and in addition we had to provide every Higgs field with a factor (−1).
B.1 Vector boson self-energies
The vector boson self-energies are separated in 2HD-, sfermion-, and chargino/neutralino contributions. The momenta and internal masses are illustrated in Figure B .1. As a short hand notation we introduce the functions F 1 , F 2 (which enter the fermion, chargino and neutralino loop contribution to the vector boson self-energies):
with the 1-and 2-point functions A 0 , B 0 , B 1 and B 22 from Ref. [27] , in the convention of Refs. [13, 15] . The self-energies are obtained as the sum of the terms depicted below with their analytical expression.
B.1.1 Photon self-energy
with the vector-and axial vector couplings
and cθ := cosθ f , sθ := sinθ f . The coefficients of the chargino-and neutralino couplings are given by the expressions 
containing the matrices U ij , V ij , N ij for the chargino and neutralino sector, see Appendices A.3, A.4. 
B.1.4 Photon-Z mixing
Σ γZ 2HD (p 2 ) = − α 4π − 2 cos 2θ w s w c w B 22 (p 2 , m H ± , m H ± ) + B 22 (p 2 , M W , M W ) + 2c w s w B 22 (p 2 , M W , M W ) − 2s w c w M 2 Z B 0 (p 2 , M W , M W ) + cos 2θ w s w c w A 0 (m H ± ) + A 0 (M W ) + c w s w 6A 0 (M W ) − 4M 2 W ) − c w s w F 2 (p 2 , M W , M W ) − f N f C Q f F 1 (p 2 , m f , m f , 1 2 , 1 2 , v f − a f 2 , v f + a f 2 ) , (B.χ i + χ i + {γ ; Z} {Z ; γ} Σ γZ f (p 2 ) = α 4π 2 f N f C Q f I f 3 c 2 θ − Q f s 2 w s w c w 2B 22 (p 2 , mf 1 , mf 1 ) − A 0 (mf 1 ) + I f 3 s 2 θ − Q f s 2 w s w c w 2B 22 (p 2 , mf 2 , mf 2 ) − A 0 (mf 2 ) Σ γZ χ (p 2 ) = − α 4π 1 2s w c w 2 i=1 F 1 (p 2 , mχ+ i , mχ+ i , 1 2 , 1 2 , O ′L ii , O ′R ii ) . (B.13)
B.2 Fermion self-energies
The fermion self-energy can be expressed in terms of the scalar functions Σ f {S,V,A} as coefficients for the scalar-, vector-, and axial vector part:
14)
The contributions are separated in a (weak) 2HD part, a (weak) SUSY part and a gluino part. The momenta and internal masses are illustrated in figure B.2. For computing the fermionnumber-violating vertices the algorithm of Ref. [28] is utilized. The arrows within the lines denote the charge flow and long, thin arrows denote the fermion flow. We introduce the following definitions and shorthand notations:
and the matrices U ij , V ij for the charginos and N ij for the neutralinos, see Appendices A.3, A.4.
The color factor C F is defined in Eq. (C.9), and the factors g f H of the Yukawa couplings can be found in Table B.1. 
C Vertex corrections
This appendix contains all 3-point vertex diagrams for γff and Zff within the MSSM at the 1-loop level (without virtual photons and gluons). The diagrams with Higgs bosons are negligible for f = e.
In addition to Appendix B we define the following shorthand notations for the couplings:
(C.1)
3-point functions C are discussed in Refs. [27, 29, 30 ], but we use the convention of Refs. [13, 15] . The arguments for the C-functions are C(p 1 , p 2 , m 1 , m 2 , m 3 ). For the electron vertex corrections we have p 1 = p, p 2 = −p −p, p 3 =p, and for the outgoing fermions we have
The conventions on momenta and internal masses are illustrated in Figure C .1 (the arrows within the lines denote the charge flow and long, thin arrows denote the fermion flow if necessary). 
(C.2)
Masses and coupling constants for the γff vertex I m 1 m 2 m 3 g
Masses and coupling constants for the Zff vertex I m 1 m 2 m 3 g
(C.3)
Masses and coupling constants for the γff vertex II m 1 m 2 m 3 g
Masses and coupling constants for the Zff vertex II In class-III, the dashed line indicates either a Higgs particle or a sfermion.
The tables contain the extra notations The signature for the dashed lines is as in class-V. In addition there is the gluino diagram.
(C.7) 
D Box diagrams
Here we list the input for the box diagram contributions in the MSSM, as specified in Appendix A, with exception of the QED graphs involving virtual photons. Because of m e ≪ M W , Higgs exchange diagrams are negligible.
Masses and couplings of the involved particles are put together in Table D.1 for the direct  and in Table D 6 The arguments of the C0-function results here from the reduction of the tensor integral Dµν . D. 4 The crossed neutralino box diagram 
